To determine whether first-line treatment with percutaneous or surgical drainage of liver abscesses larger than 5 cm results in better clinical outcome. Summary Background Data: Pyogenic liver abscesses larger than 5 cm are currently treated by intravenous antibiotics and either percutaneous (PD) or surgical drainage (SD). Percutaneous techniques have been increasingly performed in place of open drainage as first-line treatment. This paradigm shift has been fueled by the drive for low-risk and less-invasive procedures and the surgical option being reserved for percutaneous failures. Yet there is a lack of data to support percutaneous drainage over open surgical drainage as first-line treatment. Methods: Over a 3-year period, 80 patients with liver abscesses larger than 5 cm amenable to PD and SD were included in the study. This situation was possible as 1 team of surgeons favored the use of PD and 1 team favored the use of SD as first-line treatment. The treatment outcomes in both groups were compared, and clinical end-points included time to defervescence of fever, failure of treatment, secondary procedures, hospital stay, morbidity, and mortality. Results: PD was performed in 36 patients and SD in 44 patients as first-line treatment. Clinical, laboratory, and abscess parameters were comparable in both groups. Sixty-four of 80 patients (80%) had multiloculated abscess. The time to defervescence of fever was not statistically significant (PD versus SD, 4.85 versus 4.38 days; P ϭ 0.09). However, SD had less treatment failures (3 versus 10, P ϭ 0.013), less requirement for secondary procedures (5 versus 13, P ϭ 0.01), and shorter length of hospital stay (8 versus 11 days, P ϭ 0.03). There was no difference in morbidity or mortality rates.
H istorically, morbidity and mortality rates associated with the treatment of pyogenic liver abscess has been high. [1] [2] [3] This has improved significantly with the introduction of ultrasound (US) and computed tomography (CT). 4 When detected early, effective treatment of small abscesses involves the use of diagnostic percutaneous aspiration and appropriate intravenous antibiotics. 5 Liver abscesses larger than 5 cm in size often require prompt drainage for resolution of sepsis. Currently, there are 2 alternative methods for drainage of pus from a large liver abscess. Percutaneous therapeutic procedures have been increasingly performed compared with open surgical drainage (SD). 6 This paradigm shift has been fueled by a drive for a low-risk and lessinvasive procedure. SD has increasingly been reserved for those that have failed the percutaneous option. 7 However, the true merits of percutaneous drainage (PD) and SD procedures for large liver abscesses are difficult to ascertain from the literature. Successful results have been reported for the percutaneous route, but these reports stem from nonsurgical departments and fail to assess patient comorbidities. 8 When comparisons with surgically treated patients are made, historical controls of the preimaging era are used 9 or include patients who failed attempts at percutaneous treatment. SD has become associated with higher morbidity and mortality rates, often used as a salvage procedure and seen as inferior. 9, 10 Large abscesses, especially if multiloculated or containing thick viscid pus, are prone to failure by percutaneous treatment. This can delay definitive treatment, increase complication rates, prolong hospital stay, and increase cost of treatment. 11 Open SD allows for breakdown of loculations and complete drainage of viscid pus and necrotic debris that may provide quicker and more effective drainage with faster resolution of sepsis than PD.
To date, no comparative study or randomized trial has addressed the issue of managing large liver abscesses with PD and SD as first-line treatment to compare their relative efficacies. At our institution, all liver abscesses larger than 5 cm are referred to the surgical unit. We hypothesize that SD can produce better clinical outcome than PD for large liver abscesses.
PATIENTS AND METHODS
A search of the departmental database was carried out for patients who underwent treatment of pyogenic liver abscess. The 3-year period of January 2000 till December 2002 inclusive was reviewed. Patients were included in the study when they had an acute pyogenic liver abscess (single or multiple) 5 cm or larger confirmed on US or CT. Patients were excluded if the abscess was not amenable to PD, ruptured at initial presentation, or if there was a concomitant pathology that required urgent surgical intervention. This included patients with cholecystitis, perforated appendicitis, and cholangitis from choledocholithiasis. Amebic and fungal abscesses or those that resulted from a superinfection of an underlying tumor or cyst were also excluded.
In all patients, the clinical parameters, hematologic and biochemical findings, microbiological assays, and radiologic findings were documented and obtained from the case records and a computerized database. Size of abscess was determined by the widest diameter of the largest abscess identified. Multiloculation was defined as an abscess with 2 or more septations within its cavity. After initial workup of blood cultures, broad-spectrum antibiotics in the form of ceftriaxone and metronidazole were given parenterally. This was modified accordingly when bacterial cultures and sensitivities were subsequently available.
The approach to drainage of the abscess was determined and carried out by the individual surgeons. The unique situation in the department was that 1 team of surgeons favored the use of PD and 1 favored SD of liver abscesses larger than 5 cm for first-line treatment. Their choice of treatment was consistent over the period of the study, and this allowed for comparison of treatment between the 2 groups. For PD, both US and CT scan-guided procedures were used. Initial therapeutic aspiration of pus was carried out followed by placement of an 8-to 10-Fr pigtail catheter by the modified Seldinger technique. If the patient's condition failed to improve or worsened clinically, PD was abandoned and SD was carried out.
All patients that underwent SD had their CT scans reviewed prior to the procedure to assess the position and best route of drainage. Intraoperative ultrasonography (IOUS) was used to locate and mark the extent of the abscess. The position of major vascular and biliary pedicles was also noted. Diagnostic aspiration with a 20-Fr needle was used to confirm the location of the abscess and mark the site for drainage. Drainage was carried out by complete removal of all pus. Intra-abscess loculations were broken down by gentle blunt dissection. Following drainage, the abscess cavity was flushed with saline for clearance of residual pus and necrotic debris. IOUS was used to confirm the complete drainage and hemostasis was secured. Large-bore soft tube drains (28 Fr) were placed within the abscess cavity proper. Individual consultant surgeons of the teams supervised all surgical procedures. In both drainage procedures, abscess cavities were followed up by US or CT imaging. Drainage tubes are removed only after drainage is minimal. All patients were subsequently followed up for at least 3 months after discharge from hospital.
The clinical end points used in the study include the following:
a. Time to defervescence of fever to 37.5°C or less for 2 consecutive days. The time was defined as the number of days from the day of initiation of drainage to the time that the body temperature had declined to 37.5°C or less. The first of the 2 consecutive afebrile days was used.
b. Failure of treatment was defined as death or deterioration of clinical status requiring additional procedures related to the liver abscess during the same hospital admission.
c. Secondary procedure was defined as the need for a repeated procedure related to progression or persistence of sepsis, recurrence of liver abscess, or related to the underlying cause of the abscess.
d. Mortality was defined as death within 30 days or within the same hospital admission.
e. Length of hospital stay was defined as the number of days of hospital stay from the day PD or SD was carried out.
The data were compiled and analyzed using a commercial statistical software program (SPSS for Windows, version 9.0). All continuous data were expressed as median and range. The treatment groups were compared using the 2 test with Yates correction or the Fisher exact test where appropriate for categorical variables. For continuous variables, the Mann-Whitney U test was applied. A significant result was taken as P Ͻ 0.05.
RESULTS
A total of 96 patients were treated with SD and PD over the 3-year period of the study. After applying the inclusion and exclusion criteria of the study, 80 patients were eligible for further analysis. Sixteen patients were excluded; 8 had suspected rupture of abscess, 7 had concomitant intra-abdominal infections requiring urgent surgical intervention, and 1 had a liver carbuncle requiring liver resection. There were a total of 47 men and 33 women, with a median age of 60 years (range: 24 -84). The peak incidence of liver abscess in our cohort occurred in the 60 to 69 age group (37.5%). All patients were ethnic Chinese, Malay, and Indian except for 3 (1 Vietnamese and 2 Eurasian patients). Thirty-six patients underwent PD, and the other 44 underwent SD as first-line treatment. The clinical and laboratory parameters of both patient groups are compared in Table 1 . There was no significant difference in the patient demographics, comorbidities, and laboratory parameters between the 2 treatment arms. The characteristics of the abscesses treated in both groups are shown in Table 2 . All abscesses were larger than 5 cm, and the site, size, distribution, and multiplicity of abscesses in both groups are similar. Eighty percent (64/80) of abscesses treated were multiloculated at presentation and still underwent both SD and PD as first-line treatment. The commonest identifiable underlying etiology is related to biliary stones, although the majority of liver abscesses are cryptogenic. Microbiological assessment of the liver abscesses is displayed in Table 3 . Klebsiella pneumoniae is the commonest organism isolated and comprised 63.8% of the cohort.
The mortality rate for the 80 patients that underwent treatment was 3.8% (3/80). The mortality rate for SD and PD was 4.5% and 2.8%, respectively. In the SD arm, the median time of surgery was 94.5 Ϯ 7 (range 25-265) minutes. In addition to drainage, 23 patients also had a concomitant cholecystectomy. Twelve patients were monitored in the intensive care unit (ICU) after surgery (27.3%). The overall morbidity for SD was 27.2%, and the general and specific complications are shown in Table 4 . In the PD arm, 4 patients (11.1%) required ICU monitoring after drainage. The overall morbidity was comparable in both PD and SD groups (30.5% versus 27.2%, P ϭ 0.74).
The clinical outcome in both treatment arms is shown in Table 5 . There was no significant difference between PD and SD in time to defervescence of fever when treatment was successful. The number of successful treatments for SD was significantly better. Three patients failed SD (6.8%), and of these, 2 patients required a relaparotomy. One patient re- Drainage of Large Liver Abscesses quired 2 laparotomies for hemostasis from hemorrhage from the abscess bed. The other patient had a residual abscess collection, as well as development of multiple subphrenic abscesses that were not amenable to PD. She also had a history of pancreatic carcinoma with local pancreatic bed and nodal recurrence. The third failure occurred in a patient who had a history of diabetes and ischemic heart disease. Although there was resolution of his sepsis from the liver abscess, he developed acute myocardial infarction on the 10th postoperative day and died. In the PD arm, there were 10 failures. The causes of failures are detailed in Table 6 . There were also more secondary procedures carried out in the PD group than in the SD group (13 versus 5; P ϭ 0.01). In the PD group, this was composed of 9 open SD procedures for progression of sepsis-and catheter-related complications, 2 delayed laparoscopic to open cholecystectomy for biliary stones, 1 PD of chest empyema, and 1 PD of a recurrent abscess. In the SD group, 4 relaparotomies were carried out. These were 1 for bleeding from the abscess bed, 1 for drainage of residual abscess, 1 for intestinal obstruction and 1 for delayed drainage of a subphrenic abscess after discharge. The last patient required a surgical debridement of the wound infection and secondary closure of the wound. The length of stay after drainage of the abscess was significantly shorter in the SD group than in the PD group (8 versus 11 days, P ϭ 0.03) (see Table 5 ).
DISCUSSION
The introduction of the percutaneous approach to liver abscesses was initially described by MaFadzean et al 12 from Hong Kong in 1953. The body of literature in recent years suggests that PD of liver abscess is a safe and effective method for drainage of pyogenic liver abscess. 9, 13, 14 As a result, this modality has become viewed as the treatment of choice, being superior to SD. 10, 15 The attraction of PD is related to its minimally invasive approach and the ability to perform the procedure without general anesthesia. Selected series of PD drainage report success rates of more than 95%. 14, 16, 17 However, PD is not suitable for all patients with liver abscesses. In cases of rupture, difficult access to the abscess due to anatomic location, coexisting pathology requiring open surgery, SD becomes the only treatment option. 8 In addition, the abscesses that fail to resolve after PD will also have to rely on an open surgical approach for successful management. Although the trend is toward PD, it is difficult to assess the true merits of each procedure to say which modality produces better clinical outcome.
We hypothesized that SD can provide better clinical outcomes for liver abscesses larger than 5 cm. To show this, SD mostly produced better resolution of fever and better success but with equally good morbidity and mortality rates as PD.
There is some evidence from surgical reported series to suggest this. Bertel et al 11 reported in a series of 39 patients and showed that the success rates were lower and hospitalization stay was longer than for the PD group. Similarly, Farges et al 8 also reported better success with SD (9.5 versus 36%), and more recently Herman et al 18 reemphasized their good results of SD when compared with PD for successful treatment (91.5% versus 69.2%). However, such comparison of PD with SD was largely difficult and criticized for selection bias.
Our paper is the first study in the literature that compares the 2 modalities for treatment of large liver abscesses Ͼ5 cm. Abscesses that were amenable to only SD, like rupture or concomitant surgical pathology requiring urgent surgical exploration, were excluded from the study according to our criteria listed. In addition, the dichotomous first-line treatment preferences for PD and SD, unique in our department, allowed for a reasonable comparison between the groups. The patient, clinical, and abscess profiles between the 2 groups are similar.
In this study, we have demonstrated that the surgical approach can provide a better clinical outcome than the percutaneous approach for abscesses larger than 5 cm. This was significant in terms of number of treatment failures, number of secondary procedures, and hospitalization stay (see Table 5 ). The resolution of sepsis as defined by defervescence of fever showed a trend towards faster resolution by SD than by PD, but this did not reach statistical significance. Most important, the use of SD did not come at an increased morbidity or mortality for our patients.
Drainage of large liver abscesses may be more difficult to achieve percutaneously. There are several advantages that SD may have over PD that can account for these results. First, in our series, multiloculation is found in 80% of the abscesses treated. The role of PD in drainage of septated and multilocu- suggested that multiloculation contributes to poorer drainage by compartmentalization of the abscess, reducing the effectiveness of PD. SD allows for breakdown of loculations and more complete drainage. Second, the use of IOUS provides better resolution of the abscess intraoperatively than during PD procedures. This allows for accurate localization, planning of drainage route, localization, and avoidance of vascular and biliary structures. In addition, complete drainage of the abscess cavity can be checked. This has also contributed to the lower-than-previously reported complications related to SD. We advocate the routine use of IOUS for all SD procedures. Third, SD allows for the accurate drainage and placement of the drainage catheter to all portions of the liver and from all angles, with mobilization of the liver if necessary. This is often aided by palpation of the abscess wall if superficial. Fourth, SD allows for a soft large-bore tube drain to be placed for better drainage of residual viscid pus and necrotic debris. This would not be possible with the pigtail catheter or cope loop used for PD, resulting in a larger number of catheter-related complications. Fifth, intraoperative US also allows for localization and drainage of satellite abscesses that may be missed on CT. Last, the patients compared here underwent SD and PD as first-line treatments rather than SD as a backup modality for failed PD. This represents a more aggressive approach to liver abscess treatment. However, it also reflects the ability of SD to deal summarily with large abscesses, leading to less failures and shorter hospital stay. SD did not show a statistically significant difference to PD in terms of time to defervescence of fever, although there was a trend towards faster resolution of sepsis. However, this involved comparison of only successful treatments within the PD and SD group. The number of failures in the PD group contributed to the increased number of secondary procedures required and also the increase in length of hospital stay after drainage. This leads indirectly to an increase in cost of treatment of each patient. Failures in PD occurred in 27.8% of cases. The major causes were catheter-related and progression of sepsis. Catheter-related complications include 3 blockages, 1 slippage, and 1 development of a empyema of the chest after the drainage track traversed the pleural space. Some of these could have been circumvented with the use of larger drainage catheters and further improved with better interventional radiology expertise and better case selection for PD.
Previously, authors reported in-hospital mortality rates for operative treatment to be up to 15% to 25%. 3, 6, 20 However, this was not seen in our series. The mortality rate for SD and PD is 4.5% and 2.8%, respectively. This is much lower than previously reported for the SD group. This suggests that SD as first-line treatment produces equally good mortality outcomes as PD. Delay in definitive treatment and progression of sepsis may have contributed to apparent operative failures in previously reported series. A notable difference in our series compared with those published that could contribute to our good results is the low number of associated malignancies and high number of cryptogenic abscesses.
Our study can be criticized for its patient and treatment selection, the lack of assessment of quality-of-life issues when comparing SD and PD, as well as the retrospective nature of assessment of outcome. However, it highlights the possibility that SD does have a role in first-line management for large liver abscesses more than 5 cm and should not be regarded as inferior or as a salvage procedure. It can result in better clinical outcomes than PD with comparable morbidity and mortality. This forms the rationale for a randomized trial comparing SD with PD to circumvent the selection bias and address this controversial issue.
